(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europgen des brevets 



(11) 



EP 0 767 005 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

09.04.1997 Bulletin 1997/15 

(21) Application number: 96908347.6 

(22) Date of filing: 05.04.1996 



(51) Int CI. 6 : B05B5/04, B05B 5/08 

(86) International application number: 
PCT/JP96/00929 

(87) International publication number: 

WO 96/31286 (10.10.1996 Gazette 1996/45) 



(84) Designated Contracting States: 


(72) Inventors: 


DE ES FR GB IT 


• TAKAYAMA, Shinichi 




Tokyo 146 (JP) 


(30) Priority: 06.04.1995 JP 106840/95 


• KATSUNUMA, Takehfto 


06.04.1995 JP 106841/95 


Tokyo 146 (JP) 


(71) Applicant: ABB Industry K.K. 


(74) Representative: UEXKOLL & STOLBERG 


Tokyo 107 (JP) 


PatentanwSlte 




Beselerstrasse 4 




22607 Hamburg (DE) 



< 

in 



CO 

i^ 
o 

CL 
LU 



(54) ROTARY ATOMIZING HEAD TYPE PAINTING DEVICE 

(57) In a rotary atomizing head type coating 
machine, paint mist is prevented from depositing on a 
shaping air ring and synthetic resin cover. Shaping air 
ring (21) is constituted by an inner ring (22) of a metallic 
material, an outer ring (23) of an insulating synthetic 
resin material, and a shaping air outlet hole (24) pro- 
vided at the fore ends of the two rings (22) and (23). The 
inner ring (22) has its base end (22A) electrically con- 
nected to an air motor (2), and provides an annular 
repulsion electrode (25) at its fore end (22B). This annu- 
lar repulsion electrode (25) induces strong positive dis- 
charges, thereby attracting clouds of negative ions, and 
preventing paint deposition on and contamination of the 
shaping air ring by a phenomenon of homopolar repul- 
sions between clouds of negative ions and negatively 
charged paint particles. 



Fig. 1 
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Description 

Technical Field 

This invention relates to a rotary atomizing head 
type coating machine with an indirect charging system, 
which is particularly suitable for use with low resistance 
paints such as water-base paints and metallic paints. 

Background Art 
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Generally, in a rotary atomizing head type coating 
machine, while a rotary atomizing head is put in high 
speed rotation, a high voltage is applied across the 
atomizing head and an object to be coated, and a paint is 
is supplied to the rotary atomizing head to undergo 
atomization and charging there. Atomized and charged 
paint particles are caused to fly along an electrostatic 
field toward a coating object, which is located axially for- 
ward of the atomizing head, and deposit on the coating 20 
object. 

In this regard, illustrated in Fig. 11 is a prior art 
rotary atomizing head type coating machine employing 
an indirect charging system. 

In that figure, indicated at 1 is a coating machine 25 
body which is mounted on a reciprocator (not shown). 
Provided internally of the coating machine body 1 is an 
air motor 2 of metallic material consisting of an air bear- 
ing 2A and a drive section 2B, along with valve devices 
(not shown) including a paint valve and a dump valve. 30 
Circumferentially, the coating machine body 1 is 
enshrouded under a synthetic resin cover 3. The air 
motor 2 is grounded through a cable 2C. The above- 
mentioned synthetic resin cover 3 is formed of an insu- 
lating synthetic resin material such as polyethylene 35 
ter phthalate (PET), polyacetal (POM), polyamide (PA), 
polyethylene (PE), polypropyrene (PP) or the like. 

Indicated at 4 is a rotational shaft of metallic mate- 
rial, which is rotatably supported in the air bearing 2A of 
the air motor 2. The fore end of the rotational shaft 4 is 40 
projected out of the coating machine body 1, while its 
base end is coupled with the drive section 2B of the air 
motor 2, thereby driving for high speed rotation. 

Denoted at 5 is a bell type rotary atomizing head of 
metallic material which is provided at the fore end of the 45 
rotational shaft 4, the rotary atomizing head 5 having a 
cup-shaped circumferential surface 5A, an inner paint 
smoothing surface 5B and a paint releasing edge 5C. 

Indicated at 6 is a center feed type paint supply pipe 
which is passed internally of the rotational shaft 4, the 50 
paint supply pipe 6 having its fore end extended into the 
rotary atomizing head 5 and connected at its base end 
to a paint valve which is in communication with a paint 
tank through a paint pipe (both not shown). 

The reference numeral 7 indicates a shaping air 55 
ring which is threaded on a fore end portion of the syn- 
thetic resin cover 3 on the front side of the coating 
machine body 1 . This shaping air ring 7 is located at the 
fore end of the coating machine body 1 in a position on 



the rear side of the rotary atomizing head 5 in such a 
way as to circumvent the, circumferential surfaces 5 A of 
the atomizing head 5. 

In this instance, the shaping air ring 7 is constituted 
by an inner ring 8 which is formed of an insulating syn- 
thetic resin material, and an outer ring 9 likewise of an 
insulating synthetic resin material which is positioned 
around the outer periphery of the inner ring 8. Formed 
between the inner and outer rings is an air outlet 10 in 
the form of an annular gap through which shaping air is 
spurted out as indicated by arrow A to generate air 
f taws. By attaching the outer ring 9 to the synthetic resin 
cover 3, the inner ring 8 can be fixed in position and 
electrically in contact with the air motor 2. For example, 
the inner ring 8 and outer ring 9 are formed of insulating 
synthetic resin material such as polyether sulfone 
(PES), polyphenylene sulfide (PPS), polyether imide 
(PEI), polyether ether ketone (PEEK) or the like. 

indicated at 1 1 are six external electrodes (only two 
electrodes are shown in the drawings) which are located 
in equidistant spaced positions, radially outward of the 
synthetic resin cover 3 and rearward of the paint releas- 
ing edges 5C of the rotary atomizing head 5. These 
external electrodes 11 are applied with a high voltage 
(e.g., -60kV to -90kV) from an external high voltage 
generator (not shown) to charge paint particles to be 
sprayed from the paint releasing edges 5C of the above- 
described rotary atomizing head 5. 

Since the air motor 2 is grounded through the cable 
2C, the air motor 2, rotational shaft 4 and rotary atomiz- 
ing head 5, which are all formed of a metallic material, 
are maintained at the same earth potential. 

With a paint coating machine having a rotary atom- 
izing head arranged as described above, upon applying 
a high voltage to the respective external electrodes 1 1 , 
electrostatic fields are formed by electric lines of force 
between each one of the external electrodes 1 1 and the 
rotary atomizing head 5 and at the same time between 
each one of the external electrodes 11 and a coating 
object (not shown). Besides, under the influence of a 
high voltage of -60kV to -90kV which is applied to the 
respective external electrodes 11, an ionization zone is 
formed in the vicinity of the fore end of each external 
electrode. 

In this state, the rotational shaft 4 and rotary atom- 
izing head 5 are put in high speed rotation by the air 
motor 2 on the coating machine body 1, and the paint 
valve is opened to supply a paint to the rotary atomizing 
head 5 through the paint supply pipe 6. The paint which 
has been fed to the rotary atomizing head 5 is spread 
into a thin film-like shape on the paint smoothing surface 
5B under the influence of the centrifugal force resulting 
from the rotation. The liquid paint film is split into liquid 
threads as it is thrown radially outward from the paint 
releasing edges 5C, and the liquid threads are eventu- 
ally broken and atomized into fine particle. 

In the ionizing zones which are formed forward of 
the respective external electrodes, atomized paint parti- 
cl s are charged with high voltage, and the resulting 
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charged paint particles are urged to fly toward the coat- 
ing object which is connected to the ground, and deposit 
on the surfaces of the coating object. 

Since the rotary atomizing head 5 is in high speed 
rotation, paint particles which are thrown out from the 
paint releasing edges 5C tend to fly in radially outward 
directions under the influence of the centrifugal force. 
However, by the action of shaping air which is spurted 
out in the direction of arrow A from the air outlet 10, 
paint particles off the paint releasing edge 5C of the 
rotary atomizing head 5 are shaped into a forwardly 
converging pattern. 

In the case of the coating machine with the rotary 
atomizing head as described above, the coating 
machine body 1 is prevented from being contaminated 
with negatively charged paint particles by covering the 
machine body 1 , except the rotary atomizing head 5, 
with an insulating synthetic resin material like the shap- 
ing air ring 7 and synthetic resin cover 3. More specifi- 
cally, when a high voltage is applied to the respective 
external electrodes 11, the component parts of syn- 
thetic resin material including the shaping air ring 7 and 
the resin cover 3 are negatively charged under the influ- 
ence of negative ions generated by the external elec- 
trodes 11. Consequently, due to a phenomenon of 
homopolar repulsions, negative ions charged on the 
shaping air ring 7 and resin cover 3 repel and keep the 
negatively charged paint particles from depositing on 
the surfaces of the cover 3 and ring 7, 

However, actual paint coating operations invariably 
face a problem of contamination of the shaping air ring 
7, developing gradually after starting a coating opera- 
tion by applying a high voltage to the external electrodes 
11 and putting the rotary atomizing head 5 in high 
speed rotation, because paint particles P in floating mist 
deposit on the shaping air ring 7 increasingly with the 
time of paint coating operation, namely, increasingly as 
the time of coating operation lapses 5 minutes (Fig. 12), 
10 minutes (Fig. 13) and 15 minutes (Fig. 14). 

Studying the mechanisms of contamination by 
charged paint particles, particularly from relations in 
potential between the rotary atomizing head 5 and the 
shaping air ring 7, it is worthwhile to note that the shap- 
ing air ring 7 of insulating synthetic resin material is sim- 
ply held in contact, through that synthetic resin material, 
with the air motor 2 which is connected to the ground. In 
contrast, the rotary atomizing head 5 is directly con- 
nected to the ground through the rotational shaft 4 and 
air motor 2 of metallic material. Therefore, looking at the 
potential relations from the side of the external elec- 
trodes 1 1 which are applied with a high negative volt- 
age, the shaping air ring 7 is electrically more closer to 
the positive side than the rotary atomizing head 5 which 
is connected to the ground. 

For these reasons, a greater potential difference 
occurs between the rotary atomizing head 5 and the 
respective external electrodes 11 than between the 
shaping air ring 7 and the respective external electrodes 
11. Accordingly, it is considered that greater and 



stronger positive discharges occur at the paint releasing 
edges 5C of the rotary atomizing head 5. while smaller 
and weaker positive discharges occur at the fore end of 
the shaping air ring 7. 

5 As a consequence, negative ions generated by the 
respective external electrodes 1 1 are pulled toward the 
positive discharges as if attracted by the rotary atomiz- 
ing head 5 and the shaping air ring 7, and larger and 
thicker clouds of negative ions occur at the paint releas- 

10 ing edges 5C while smaller and thinner clouds of nega- 
tive ions appear at the fore end of the shaping air ring 7. 
In addition, taking into account the extremely small pos- 
itive discharges and the existence of blasts of shaping 
air coming out of the shaping air ring 7, it is presumable 

15 that the clouds at the fore end of the shaping air ring 7 
are extremely lean. 

Under these circumstances, paint particles sprayed 
from the paint releasing edges 5C of the rotary atomiz- 
ing head 5 are negatively charged while being passage 

20 through the ionization zones of the external electrodes 
11, and the charged paint particles are urged to fly 
toward and deposit on a coating object which is at the 
earth potential (with a tendency toward the positive 
when looked at from the side of the external electrodes 

25 1 1). However, a part of paint particles are urged to flow 
in a forward direction from behind the shaping air ring 7 
entrained on air vortices generated by rotation of the 
rotary atomizing head 5. At this time, negative ions 
around the fore end of the air shaping ring 7 are less- 

30 ened and leaned out by the occurrence of weak positive 
discharges as mentioned hereinbefore. Therefore, it is 
assumed that floating paint particles (paint mist) which 
have been negatively charged by the external elec- 
trodes 1 1 are attracted toward the positive discharges 

35 instead of being repelled by negative ions, and deposit 
on and contaminate fore end portions of the air shaping 
ring 7. 

Further, contamination of the shaping air ring 7 by 
deposition of the paint P occurs progressively in a pat- 

40 tern as shown in Figs. 1 2 to 1 4. As clear from these fig- 
ures, the shaping air ring 7 undergoes contamination in 
a more conspicuous degree especially in those areas 
between the lines (indicated by one-dot chain lines) 
connecting the center of the rotary atomizing head 5 

45 with the respective external electrodes 11. Taking into 
consideration the positional relations with the six exter- 
nal electrodes 1 1 , the reason for this seems to be that 
positive discharges occur in a greater degree on the 
lines connecting the center of the rotary atomizing head 

so 5 with the respective external electrodes 11 than 
between these lines. This can be explained by the fact 
that the contamination by paint P occurs initially 
between outer ends of these lines and spread in radially 
outward directions toward the synthetic resin cover 3. 

55 In view of the above-discussed problems with the 
prior art, it is an object of the present invention to pro- 
vide a rotary atomizing head type coating machine, 
which can prevent contamination of a shaping air ring of 
the rotary atomizing head by a paint. 
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Disclosure Qf the Invention 

In accordance with the present invention, for 
achieving the above-stated objective, there is provided 
a rotary atomizing head type coating machine basically s 
including a coating machine body circurrrferentially 
enshrouded under a synthetic resin cover, an air motor 
provided within the coating machine body and grounded 
to the earth potential, a rotary atomizing head provided 
at the fore end of the coating machine body and coupled 10 
with the air motor, the rotary atomizing head being ter- 
minated with paint releasing edges at the fore end 
thereof, a shaping air ring provided at the fore end of the 
coating machine body in such a way as to circumvent 
the outer periphery of the rotary atomizing head and 15 
having an air outlet to spurt shaping air from behind the 
paint releasing edges of the rotary atomizing head, and 
external electrodes positioned radially on the outer side 
of the coating machine body and externally applied with 
a high voltage to charge paint particles sprayed from the 20 
paint releasing edges of the rotary atomizing head, 
characterized in that at least part of the shaping air ring 
is formed of a conductive material and electrically con- 
nected to the air motor, and an annular repulsion elec- 
trode is formed at least in part of the conductive 25 
material. 

With the arrangements just described, the annular 
repulsion electrode is directly connected to the ground 
through the air motor, so that stronger positive dis- 
charges occur at the annular repulsion electrode than at 30 
the paint releasing edges. As a consequence, clouds of 
negative ions which are generated by the external elec- 
trodes are pulled toward stronger positive discharges on 
the side of the shaping air ring, preventing deposition of 
paint particles on the air shaping ring by the phenome- 35 
non of homopolar repulsions which occur between the 
negatively charged paint particles and clouds of nega- 
tive ions. 

In this instance, the shaping air ring may be consti- 
tuted by an inner ring formed of a conductive material 40 
and electrically connected to the air motor, an outer ring 
formed of an insulating synthetic resin material and 
positioned in such a way as to enshroud the outer 
periphery of the inner ring, and an air outlet formed and 
defined between the inner and outer rings, the above- 45 
mentioned annular repulsion electrode being consti- 
tuted by a fore end portion of the inner ring. 

Alternatively, the air shaping ring may be consti- 
tuted by a ring body formed of an insulating synthetic 
resin material and having an air outlet at the fore end so 
thereof, a conductive ring formed on the inner periphery 
of the shaping air ring by means of a conductive mate- 
rial and electrically connected to the air motor, the 
above-mentioned annular repulsion electrode being 
constituted by a fore end portion of the conductive ring. 55 

Further, the shaping air ring may be constituted by 
a ring body formed of an insulating synthetic resin mate- 
rial and having an air outlet on a flat front face thereof, a 
conductive ring formed on the inner periphery of the 



shaping air ring body by the use of a conductive mate- 
rial and electrically connected to the air motor, and an 
annular repulsion electrode formed on the front face of 
the shaping air ring by a separate member from the con- 
ductive ring and electrically connected to the conductive 
ring. 

By arranging the shaping air ring of the present 
invention in various specific forms as described above, 
clouds of negative ions pulled toward the annular repul- 
sion electrode can be carried forward toward the outer 
periphery of the rotary atomizing head by shaping air 
spurted from the respective air outlets, contributing to 
facilitate the negative charging of paint particles which 
are released from the paint releasing edges of the 
rotary atomizing head. 

Further, a conductive metal may be used as the 
conductive material which constitutes the above- 
described annular repulsion electrode. 

Alternatively, a conductive synthetic resin material 
may be used as the conductive material which consti- 
tutes the annular repulsion electrode if desired. 

On the other hand, the shaping air ring according to 
the present invention may be of an insulating synthetic 
resin material, and provided with a conductive film layer 
formed on the inner periphery of the shaping air ring 
and electrically connected to the air motor, and an 
annular repulsion electrode constituted by at least part 
of the conductive film layer. 

In this instance, the shaping air ring may be consti- 
tuted by an inner ring formed of an insulating synthetic 
resin material, an outer ring formed of an insulating syn- 
thetic resin material and positioned in such a way as to 
cover the circumference of the inner ring, an air outlet 
formed between the inner and outer rings, a conductive 
film layer coated with a conductive paint on the inner 
periphery of the inner ring, and an annular repulsion 
electrode constituted by a fore end portion of the con- 
ductive film layer. 

In an alternative form, the shaping air ring is consti- 
tuted by a ring body formed of an insulating synthetic 
resin material and having air outlets on a flat front face 
thereof, a conductive film layer coated with a conductive 
paint on the inner periphery and extended to the flat 
front face of the shaping air ring body, and an annular 
repulsion electrode constituted by a fore end portion of 
the conductive film layer. 

On the other hand, according to the present inven- 
tion, the above-described annular repulsion electrode 
can be formed as an annular ring-like body which cir- 
cumvents circumferential surfaces of the rotary atomiz- 
ing head in the vicinity thereof. 

Brief Description of the Drawings 

In the accompanying drawings: 

Fig, 1 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as a first embodiment of the 
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invention; 

Fig. 2 is a schematic front view of the coating 
machine of the first embodiment, with a rotary 
atomizing head assembly removed; 
Fig. 3 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as a second embodiment of the 
invention; 

Fig. 4 is a schematic front view of the coating 
machine of the second embodiment, with a rotary 
atomizing head assembly removed; 
Fig. 5 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as a third embodiment of the 
invention; 

Fig, 6 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as a fourth embodiment of the 
invention; 

Fig. 7 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as a fifth embodiment of the 
invention; 

Fig. 8 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as a sixth embodiment of the 
invention; 

Fig. 9 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as a seventh embodiment of the 
invention; 

Fig. 10 is a vertical section through major compo- 
nents of a rotary atomizing head type coating 
machine adopted as an eighth embodiment of the 
invention; 

Fig. 11 is a vertical sectional view of a prior art 
rotary atomizing head type coating machine, show- 
ing its general construction; 
Fig. 12 is a schematic front view of the coating 
machine, with its rotary atomizing head assembly 
removed to show the degree of contamination 
occurring to its shaping air ring in five minutes of 
paint coating operation; 

Fig. 13 is a schematic front view of the coating 
machine, with its rotary atomizing head assembly 
removed to show the degree of contamination 
occurring to its shaping air ring in 10 minutes of 
paint coating operation; and 
Fig. 14 is a schematic front view of the coating 
machine, with its rotary atomizing head assembly 
removed to show the degree of contamination 
occurring to its shaping air ring in 15 minutes of 
paint coating operation. 

B$$t Mode for Carrying out th$ Invention 

Hereafter, the present invention is described more 
particularly by way of its preferred embodiments with 
reference to Figs. 1 through 10. In the following descrip- 



tion of preferred embodiments, those component parts 
which are common with the above-described prior art 
counterpart ar simply designated by common refer- 
ence numerals or characters without repeating same 

5 explanations. 

Referring first to Figs. 1 and 2, there is shown a first 
embodiment of the present invention. 

In these figures, indicated at 21 is a shaping air ring 
which is threaded on a fore end portion of a synthetic 

w resin cover 3 at the fore end of a coating machine body 
1 proper. Namely, in place of the shaping air ring 7 of the 
prior art described hereinbefore, the shaping air ring 21 
is provided at the fore end of the coating machine body 
1 at a position behind a rotary atomizing head 5 in such 

is a manner as to circumvent the circumferential surfaces 
5A of the latter. 

In this case, the shaping air ring 21 is constituted by 
an inner ring 22 which is formed of a conductive mate- 
rial, for example, a metallic material such as copper, 

20 stainless steel, aluminum or the like, an outer ring 23 
which is positioned to circumvent the outer periphery of 
the inner ring 22 and formed of an insulating synthetic 
resin material such as, for example, polyether sulfone 
(PES), polyphenylene sulfide (PPS), polyether imide 

25 (PEI), polyether ether ketone (PEEK) or the like, and an 
annular air outlet 24 located at the fore ends of the inner 
and outer rings 23 to spurt shaping air toward the outer 
periphery of the rotary atomizing head 5. The inner ring 
22 has its base end 22A held in contact with and electri- 

30 cally connected to the outer periphery of the air motor 2, 
which is grounded to the earth. 

Denoted at 25 is an annular repulsion electrode 
which is provided at a fore end portion 22B of the inner 
ring 22. This annular repulsion electrode 25 is formed in 

35 a ring-like form integrally with the inner ring 22 and 
located closely around circumferential surfaces 5A of 
the rotary atomizing head 5. 

In paint coating operations, the rotary atomizing 
head type coating machine of this embodiment, using 

40 the arrangements just described, operates in the same 
manner as the prior art counterpart described hereinbe- 
fore. 

According to this embodiment of the invention, how- 
ever, the inner ring 22 of the shaping air ring 21 is 

45 formed of a metallic material, and its base end 22A can 
be directly connected to the ground through the air 
motor 2, forming the annular repulsion electrode 25 at 
its fore end 22B. On the other hand, as mentioned here- 
inbefore in connection with the prior art, the rotary atom- 

50 izing head 5 of a metallic material is also directly 
grounded to the earth through the air motor 2, so that 
the annular repulsion electrode 25 of the shaping air 
ring 21 and the rotary atomizing head 5 remain at the 
same potential (at the earth potential). 

55 Besides, since the external electrodes 1 1 are posi- 
tioned rearward of the paint releasing edges 5C of the 
rotary atomizing head 5, the distance from the external 
electrodes 1 1 to the annular repulsion electrode 25 is 
shorter than the distance from the external electrodes 
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1 1 to the paint releasing edges 5C of the rotary atomiz- 
ing head 5. Therefore, positive discharges occur in a 
greater degree at the annular repulsion electrode 25, 
which is located closer to the external electrodes 11, 
than at the paint releasing edge 5C which is more dis- 5 
tant from the external electrodes 1 1 . As a result, clouds 
of negative ions generated by the respective external 
electrodes 1 1 are pulled toward the annular repulsion 
electrode 25 because of the stronger positive dis- 
charges, and tend to linger in the vicinity of the annular 10 
repulsion electrode 25 in enlarged and thickened state. 

Accordingly, paint particles which have been 
released from the paint releasing edges 5C of the rotary 
atomizing head 5 and negatively charged by the high 
voltage external electrodes 1 1, are securely kept from is 
depositing on the shaping air ring 21 by homopolar 
repulsions occurring between negatively charged paint 
particles and the clouds of negative ions. 

Further, in this case, the shaping air ring 21 which 
has the inner ring 22 surrounded by the outer ring 23 of 20 
an insulating synthetic resin material can secure a suffi- 
cient insulation distance between the inner ring 22 and 
each one of the external electrodes 1 1 , thereby prevent- 
ing shortcircuiting between the annular repulsion elec- 
trode 25 of the shaping air ring 21 and the external 25 
lectrodes 11, and guaranteeing high safety by sup- 
pressing positive discharges at the annular repulsion 
electrode 25. 

Furthermore, along with shaping air which is 
spurted out from the air outlet hole 24 of the shaping air 30 
ring 21, a large quantity of negative ions which have 
been pulled toward and around the annular repulsion 
electrode 25 can be carried forward toward the outer 
periphery of the rotary atomizing head 5. Accordingly, 
paint particles released from the paint releasing edges 35 
5C of the rotary atomizing head 5 can be effectively 
charged by the forwardly carried negative ions in such a 
manner as to enhance the paint deposition efficiency on 
a coating object. 

As described above, the shaping air ring 21 of this 40 
embodiment uses the inner ring 22 of metallic material, 
forming the annular repulsion electrode 25 at the fore 
end thereof. The annular repulsion electrode 25 which 
is located at the fore end of the shaping air ring 21 is 
capable of inducing strong positive discharges to attract 45 
clouds of negative ions thereto, so that mist of paint par- 
ticles is securely prevented from depositing on the 
shaping air ring 21 and resin cover 3 by homopolar 
repulsions occurring between negative ion clouds and 
negatively charged paint particles. 50 

Referring now to Figs. 3 and 4, there is shown a 
second embodiment of the present invention, which is 
characterized in that the shaping air ring is constituted 
by a single ring structure and provided with a plural 
number of air outlet holes at its fore end, and in that an 55 
annular repulsion electrode is formed at the fore end of 
a conductive ring which is fitted on the inner periphery 
of the shaping air ring. In the following description of the 
second embodiment, those component parts which are 



common with the foregoing first embodiment are simply 
designated by common reference numerals or charac- 
ters without repeating same explanations. 

In these figures, indicated at 31 is a shaping air ring 
which is employed in this embodiment in place of the 
shaping air ring 21 of the first embodiment. The shaping 
air ring 31 is mounted in position at the fore end of the 
coating machine body 1 , in threaded engagement with a 
fore end portion of the synthetic resin cover 3 at the fore 
end of the coating machine body 1 in such a manner as 
to circumvent circumferential surfaces 5A at a position 
rearward of the rotary atomizing head 5. 

The shaping air ring 31 includes a ring body 32 sub- 
stantially of J-shape in section with a flat front face 32A, 
which is formed of an insulating synthetic resin material 
such as, fa example, polyether sulfone (PES), polyphe- 
nylene sulfide (PPS), polyether imide (PEI), polyether 
ether ketone (PEEK) or the like, and a plural number of 
air outlet holes 33 which are arranged circularly on the 
flat front face 32A of the ring body 32 to spurt shaping 
air toward the outer periphery of the rotary atomizing 
head 5. 

Indicated at 34 is a conductive ring which is inte- 
grally cast on the inner periphery of the ring body 32 by 
the use of a metallic conductive material such as cop- 
per, stainless steel, aluminum or the like. The conduc- 
tive ring 34 has its base end 34A electrically 
conductively in contact with the outer periphery of the 
air motor 2, and has its fore end 34B extended up to the 
front end face 32A of the shaping air ring 31 . 

Denoted at 35 is an annular repulsion electrode 
which is provided in a fore end portion 34B of the con- 
ductive ring 34 of the shaping air ring 31, the annular 
repulsion electrode 35 being formed integrally with the 
conductive ring 34 in such a way as to circumvent the 
circumferential surfaces 5A of the rotary atomizing head 
5 in the vicinity thereof. 

According to the present embodiment with the 
arrangements just described, the shaping air ring 31 on 
the rotary atomizing head type coating machine induces 
stronger positive discharges at the annular repulsion 
electrode 35 than at the paint releasing edges 5C of the 
rotary atomizing head 5, substantially in the same man- 
ner as in the foregoing first embodiment. As a conse- 
quence, clouds of negative ions are enlarged and 
thickened as they are pulled toward the positive dis- 
charges at the annular repulsion electrode 35, prevent- 
ing deposition of charged paint particles on the shaping 
air ring 31 by homopolar repulsions between clouds of 
negative ions and negatively charged paint particles. 

Further, by shaping air which is spurted out through 
the shaping air outlets 33, clouds of negative ions are 
moved forward toward the outer periphery of the rotary 
atomizing head 5 to charge of atomized paint particles 
and therefore to enhancement of the paint deposition 
efficiency on a coating object. 

Illustrated in Fig. 5 is a third embodiment of the 
invention, which is characterized in that the shaping air 
ring is constituted by a single integral ring structure with 
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air outlet holes on a front face thereof, a conductive ring 
is provided on the inner periphery of the shaping air 
ring, and an annular repulsion electrode is provided on 
the front face by fixing thereon a separate member 
which is electrically connected to the conductive ring. In 5 
the following description of the third embodiment, those 
component parts common with the foregoing first 
embodiment are simply designated by common refer- 
ence numerals or characters without repeating similar 
explanations. 10 

In that figure, indicated at 41 is the shaping air ring 
which is used in the third embodiment. This shaping air 
ring 41 is constituted by a ring body 42 substantially of 
a J-shape in section having a flat front face 42A, which 
is formed of an insulating synthetic resin material similar is 
to that of the shaping air ring 31 of the second embodi- 
ment, and a plural number of air outlet holes 43 which 
are arranged circularly on the front face 42A for spurting 
shaping air toward circumferential surfaces of the rotary 
atomizing head 5. 20 

Denoted at 44 is a conductive ring which is inte- 
grally cast on the inner periphery of the ring body 42 by 
the use of a metallic conductive material such as, for 
example, copper, stainless steel, aluminum or the like. 
The conductive ring 44 has its base end 44A held in 25 
contact with the outer periphery of the air motor 2 for 
electrical conduction therethrough. 

Indicated at 45 is an annular repulsion electrode 
which is constituted by a member separate from the 
conductive ring 44 and fixed on the front face 42A of the 30 
ring body 42. This annular repulsion electrode 45 is in 
the form of a flat ring-like plate and located to circum- 
vent the circumferential surfaces 5A of the rotary atom- 
izing head 5 in the vicinity thereof. Further, the annular 
repulsion electrode 45 is connected to a fore end por- 35 
tion 44B of the conductive ring 44, that is to say, con- 
nected through the conductive ring 44 to the air motor 2 
which is maintained at the earth potential. 

According to the present embodiment with the 
arrangements just described, the shaping air ring 41 40 
can produce the same operational effects as the coun- 
terpart in the foregoing second embodiment. Besides, 
since the annular repulsion electrode 45 is more posi- 
tively provided on the front face 42A of the ring body 42 
electrically in contact with the conductive ring 44, the 45 
annular repulsion electrode 45 has a broader surface 
area which is capable of generating stronger positive 
discharges for the purpose of suppressing deposition of 
paint particles on the shaping air ring 41 all the more. 

On the other hand, shown in Figs. 6 to 8 are fourth, so 
fifth and sixth embodiments of the present invention. In 
the following descriptions of the fourth to sixth embodi- 
ments, those components which have corresponding 
counterparts in the foregoing first to third embodiments 
are designated by corresponding reference numerals or 55 
characters each attached with an apostrophe (*). 

The fourth embodiment shown in Fig. 6 uses a 
shaping air ring 21 1 which is formed with an inner ring 
22' of a conductive synthetic resin material in place of 
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the inner ring 22 of the shaping air ring 21 in the above- 
described first embodiment. The inner ring 22* has its 
base end 22A' held in contact with and electrically con- 
nected to the outer periphery of the air motor 2, while 
forming an annular repulsion electrode 25* at its fore 
end portion 22B\ 

In this instance, instead of a metallic material, the 
inner ring 22' is formed of a conductive synthetic resin 
material which is imparted with conductivity by mixing 
metal fiber or powder into a synthetic resin material of 
the sort as mentioned hereinbefore. 

The fifth embodiment shown in Fig. 7 uses a shap- 
ing air ring 3V with a conductive ring 34* of a conductive 
synthetic resin material in place of the metallic conduc- 
tive ring 34 provided on the shaping air ring 31 of the 
foregoing second embodiment. 

Further, the sixth embodiment shown in Fig. 8 uses 
a shaping air ring 41 ' with a conductive ring 44 of a con- 
ductive synthetic resin material in place of the metallic 
conductive ring 44 provided on the air shaping ring 41 of 
the foregoing third embodiment. 

According to the fourth to sixth embodiments with 
the arrangements just described, the shaping air rings 
21', 31' and 4V can produce substantially the same 
operational effects as in the foregoing first to third 
embodiments. In addition, the shaping air rings 21', 3 V 
and 41 ' which are constituted by a molded structure of a 
mixture of insulating and conductive synthetic resin 
materials can contribute to enhance the production effi- 
ciency, in other words, to reduce the production cost as 
compared with the shaping air rings in the first to third 
embodiments. 

Referring now to Fig. 9, there is shown a seventh 
embodiment of the invention, which is characterized in 
that the shaping air ring is constituted by a single mem- 
ber and provided with an annular repulsion electrode at 
the fore end of a conductive film layer formed on the 
inner periphery of the shaping air ring. In the following 
description of the seventh embodiment, those compo- 
nent parts common with the first embodiment are desig- 
nated simply by common reference numerals or 
characters without repeating similar explanations. 

In this figure, indicated at 51 is the shaping air ring 
constituted by an inner ring 52 which is formed of an 
insulating synthetic resin material similarly to the prior 
art shaping air ring 7 described hereinbefore, an outer 
ring 53 similarly formed of an insulating synthetic resin 
material in such a shape as to enshroud the outer 
periphery of the inner ring 52, and an annular air outlet 
54 formed between the fore ends of the inner and outer 
rings 52 and 53 to spurt shaping air toward the outer 
periphery of the rotary atomizing head 5. 

Denoted at 55 is a conductive film layer which is 
formed substantially fully around the inner periphery of 
the inner ring 52, for example, by application of a con- 
ductive paint or the like, and which has its base end por- 
tion 55A held in contact with and electrically connected 
to the outer periphery of the air motor 2. Fore end por- 
tion 55B of the conductive film layer 55 is extended onto 
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the front end face of the inner ring 52 up to a point near 
the air outlet 54. As for the conductive film layer 55, 
there may be used, for example, a conductive paint 
kneaded with copper powder, aluminum powder, car- 
bon, metal oxide or the like. 

Indicated at 56 is an annular repulsion electrode 
which is provided at a fore end portion 55B of the 
above-described conductive film layer 55. The annular 
repulsion electrode 56 is formed integrally with the con- 
ductive film layer 55 in such a way as to circumvent the 
circumferential surfaces 5A of the rotary atomizing head 
5 in the vicinity thereof. 

This embodiment which is arranged in the manner 
just described can also produce substantially the same 
operational effects as in the foregoing embodiments in 
that negatively charged paint particles are securely pre- 
vented from depositing on the shaping air ring 51 by the 
phenomenon of homopolar repulsions of negative ion 
clouds occurring in the vicinity of the annular repulsion 
electrode 55. 

Besides, by shaping air which is spurted out from 
the air outlet 54 of the shaping air ring 51 , a large quan- 
tity of negative ions sucked inward toward the vicinity of 
the annular repulsion electrode 56, can be carried for- 
ward toward the outer periphery of the rotary atomizing 
head 5. Accordingly, paint particles released from the 
rotary atomizing head 5 are charged in a steady and 
assured manner by forwardly carried negative ions to 
enhance the paint deposition efficiency on a coating 
object. 

Besides, according to the present embodiment, 
using the conductive film layer 55 which can be formed 
by coating a conductive paint on the inner ring 52, the 
film coating process as well as the fabrication process 
can be simplified, coupled with an advantage that elec- 
trical conductivity or resistance can be set at an arbi- 
trary value according to the film thickness. 

Shown in Fig. 10 is an eighth embodiment of the 
invention, which is characterized in that the shaping air 
ring is constituted by a single member, with a plural 
number of air outlets at its fore end, and in that an annu- 
lar repulsion electrode is constituted by a fore end por- 
tion of a conductive film layer formed on its inner 
periphery. In the following description of the eighth 
embodiment, those component parts common with the 
foregoing first embodiment are simply designated by 
common reference numerals or characters without 
repeating similar explanations. 

In this figure, indicated at 61 is the shaping air ring 
which is used in this embodiment. This shaping air ring 
61 is threaded into a synthetic resin cover 3 at the fore 
end of the paint coating machine body 1, and located in 
a position behind the rotary atomizing head 5 in such a 
manner as to circumvent circumferential surfaces 5A of 
the rotary atomizing head 5. 

In this instance, the shaping air ring 61 is consti- 
tuted by a ring body proper 62 which is formed of an 
insulating synthetic resin material substantially in a J- 
shape in section with a front face 62A similarly to the 



counterparts in the foregoing embodiments, and a plu- 
ral number of air outlet holes 63 which are arranged cir- 
cularly on the front face 62 A of the ring body 62 to spurt 
shaping air in a forward direction toward the outer 

5 periphery of the rotary atomizing head 5. 

Indicated at 64 is a conductive film layer which is 
formed substantially fully around the inner periphery of 
the ring body 62, for example, by coating thereon a con- 
ductive paint or the like. The conductive film layer 64 is 

10 held in contact with and electrically connected with to 
outer periphery of the air motor 3 at its base end 64A, 
and has its fore end 64B extended forward as far as the 
front face 62A of the ring body 62. 

Denoted at 65 is an annular repulsion electrode 

15 which is provided in a fore end portion 64B of the con- 
ductive film layer 64. This annular repulsion electrode 
65 is formed integrally with the conductive film layer 64 
as a ring-like body which circumvents the circumferen- 
tial surfaces 5A of the rotary atomizing head 5 in the 

20 vicinity thereof. 

With the arrangements just described, the present 
embodiment can also produce substantially the same 
operational effects as in each one of the foregoing 
embodiments of the present invention. 

25 

Industrial Applicability 

As described in detail hereinbefore, according to 
the present invention, at least part of the shaping air 

30 ring is formed of a conductive material to provide an 
annular repulsion electrode at least in part of the con- 
ductive material. By the provision of the annular repul- 
sion electrode, positive discharges occur more strongly 
on the side of the annular repulsion electrode than on 

35 the side of the paint releasing edges. Clouds of negative 
ions generated by the external electrodes are therefore 
pulled toward the stronger positive discharges on the 
side of the shaping air ring, giving rise to the phenome- 
non of homopolar repulsion between negatively 

40 charged paint particles and clouds of negative ions, 
thereby preventing contamination of the shaping air ring 
by paint deposition in an assured manner. 

In one particular form of the present invention, the 
shaping air ring is constituted by an inner ring formed of 

45 a conductive material and electrically connected to the 
air motor, an outer ring of an insulating synthetic resin 
material located to enshroud the outer periphery of the 
inner ring, an air outlet formed between the inner and 
outer rings, and an annular repulsion ring constituted by 

so a fore end portion of the inner ring. In another form of 
the present invention, the shaping air ring is constituted 
by a ring body of an insulating synthetic resin material 
having an air outlets at the fore end thereof, a conduc- 
tive ring of a conductive material provided on the inner 

55 periphery of the shaping air ring and electrically con- 
nected to the air motor, and an annular repulsion elec- 
trode constituted by a fore end portion of the conductive 
ring. As a result, in addition to the prevention of contam- 
ination of the shaping air ring, clouds of negative ions 
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pulled toward the annular repulsion electrode are car- 
ried forward toward the outer periphery of the rotary 
atomizing head to charge to negative paint particles 
which are released from the paint releasing edges of the 
rotary atomizing head and therefore to enhancement of 
paint deposition efficiency on a coating object. 

Further, according to the present invention, the 
shaping air ring may be constituted by a ring body of an 
insulating synthetic resin material having an air outlets 
on a flat front face thereof, a conductive ring of conduc- 
tive material formed on the inner periphery of the shap- 
ing air ring and electrically connected to the air motor, 
and an annular repulsion electrode formed on the front 
face of the shaping air ring by a separate member from 
said conductive ring and electrically connected to the 
conductive ring. In this case, the annular repulsion elec- 
trode is provided with a broader surface area and capa- 
ble of generating strong plasma discharges, thereby 
suppressing paint deposition on the air shaping ring ail 
the more. 

Furthermore, the annular repulsion electrode 
according to the present invention can be formed of 
either a conductive metallic material or a conductive 
synthetic resin material, so that a grater variety of mate- 
rials can be used in the fabrication processes from the 
standpoint of attaining a higher production efficiency. 

Alternatively, according to the present invention, the 
shaping air ring can be constituted by a ring body of an 
insulating synthetic resin material, a conductive film 
layer formed on the shaping air ring and electrically con- 
nected to the air motor, and an annular repulsion elec- 
trode constituted by at least part of the conductive film 
layer. In this case, in addition to the operational effects 
of preventing paint deposition on the shaping air ring by 
homopolar repulsions between negatively charged 
paint particles and clouds of negative ions occurring in 
the vicinity of the annular repulsion electrode, the use of 
the conductive film layer as an annular repulsion elec- 
trode contributes to facilitate the fabrication process of 
the shaping air ring. 

Further, the use of the conductive film layer which 
can be formed simply by application of a conductive 
paint, makes easier the film forming process as well as 
the shaping air ring fabrication process, in addition to 
the advantage that the electrical conductivity or resist- 
ance of the film layer can be set at an arbitrary value 
according to the film thickness. 

Furthermore, according to the present invention, 
the annular repulsion electrode which is provided as an 
annular ring-like body which circumvents circumferen- 
tial surfaces of the rotary atomizing head at a position in 
the ambience of the latter, contributes to uniform and 
accelerated charging of paint particles which are 
released from the paint releasing edges of the rotary 
atomizing head. 

Claims 

1. A rotary atomizing head typ coating machine, 



including a coating machine body circumferentially 
enshrouded under a synthetic resin cover, an air 
motor provided within said coating machine body 
and grounded to the earth potential, a rotary atom- 

5 izing head provided at the fore end of said coating 
machine body and coupled with said air motor, said 
rotary atomizing head being terminated with paint 
releasing edges at the fore end thereof, a shaping 
air ring provided at the fore end of said coating 

re machine body in such a way as to circumvent the 
outer periphery of said rotary atomizing head and 
having an air outlet to spurt shaping air from behind 
said paint releasing edges of said rotary atomizing 
head, and external electrodes positioned radially on 

15 the outer side of said coating machine body and 
externally applied with a high voltage to charge 
paint particles sprayed from said paint releasing 
edges of said rotary atomizing head, characterized 
in that: 

20 

at least part of said shaping air ring is formed of 
a conductive material and electrically con- 
nected to said air motor, and an annular repul- 
sion electrode is formed at least in part of said 
25 conductive material. 

2. A rotary atomizing head type coating machine as 
defined in claim 1, wherein said shaping air ring is 
constituted by an inner ring formed of a conductive 

30 material and electrically connected to said air 
motor, an outer ring formed of an insulating syn- 
thetic resin material and positioned in such a way 
as to enshroud the outer periphery of said inner 
ring, and an air outlet formed between said inner 

35 and outer rings, and said annular repulsion elec- 
trode is constituted by a fore end portion of said 
inner ring. 

3. A rotary atomizing head type coating machine as 
40 defined in claim 1, wherein said shaping air ring is 

constituted by a ring body formed of an insulating 
synthetic resin material and having an air outlet at 
the fore end thereof, a conductive ring formed on 
the inner periphery of said shaping air ring by the 
45 use of a conductive material and electrically con- 
nected to said air motor, and said annular repulsion 
electrode is constituted by a fore end portion of said 
conductive ring. 

so 4. A rotary atomizing head type coating machine as 
defined in claim 1, wherein said shaping air ring is 
constituted by a ring body formed of an insulating 
synthetic resin material and having an air outlet on 
a flat front face thereof, a conductive ring formed on 

55 the inner periphery of said shaping air ring body by 
the use of a conductive material and electrically 
connected to said air motor, and an annular repul- 
sion electrode formed on the front face of said 
shaping air ring by a separate member from said 
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conductive ring and electrically connected to said 
conductive ring. 

5. A rotary atomizing head type coating machine as 
defined in any one of claims 1 to 4, wherein said 5 
conductive material constituting said annular repul- 
sion electrode is a conductive metallic material. 



synthetic resin material and having air outlets on a 
flat front face thereof, a conductive film layer coated 
with a conductive paint on the inner periphery and 
extended to said flat front face of said shaping air 
ring body, and an annular repulsion electrode con- 
stituted by a fore end portion of said conductive film 
layer. 



6. A rotary atomizing head type coating machine as 
defined in any one of claims 1 to 4, wherein said 10 
conductive material constituting said annular repul- 
sion electrode is a conductive synthetic resin mate- 
rial. 

7. A rotary atomizing head type coating machine, 15 
including a coating machine body circumferentially 
enshrouded under a synthetic resin cover, an air 
motor provided within said coating machine body 
and grounded to the earth potential, a rotary atom- 
izing head provided at the fore end of said coating 20 
machine body and coupled with said air motor, said 
rotary atomizing head being terminated with paint 
releasing edges at the fore end thereof, a shaping 

air ring provided at the fore end of said coating 
machine body in such a way as to circumvent the 25 
outer periphery of said rotary atomizing head and 
having an air outlet to spurt shaping air from behind 
said paint releasing edges of said rotary atomizing 
head, and external electrodes positioned radially on 
the outer side of said coating machine body and 30 
externally applied with a high voltage to charge 
paint particles sprayed from said paint releasing 
edges of said rotary atomizing head, characterized 
in that: 

35 

said shaping air ring is formed of an insulating 
synthetic resin material, and provided with a 
conductive film layer formed on the inner 
periphery thereof and electrically connected to 
said air motor and an annular repulsion elec- 40 
trode constituted by at least part of said con- 
ductive film layer. 

8. A rotary atomizing head type coating machine as 
defined in claim 7, wherein said shaping air ring is 45 
constituted by an inner ring formed of an insulating 
synthetic resin material, an outer ring formed of an 
insulating synthetic resin material and positioned in 
such a way as to circumvent the outer periphery of 
said inner ring, an air outlet formed between said so 
inner and outer rings, a conductive film layer coated 
with a conductive paint on the inner periphery of 
said inner ring, and an annular repulsion electrode 
constituted by a fore end portion of said conductive 
film layer. ss 



10. A rotary atomizing head type coating machine as 
defined in any one of claims 1 to 9, wherein said 
annular repulsion electrode is in the form of an 
annular ring-like body circumventing circumferential 
surfaces of said rotary atomizing head in the vicinity 
thereof. 



9. A rotary atomizing head type coating machine as 
defined in claim 7, wherein said shaping air ring is 
constituted by a ring body formed of an insulating 
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Fig. 3 
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Fig. 5 
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Fig. 8 
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